Abstract. The aim of this study was to determine any correlation between the efficacy of post-operative adjuvant chemotherapy using oral fluoropyrimidines and the vascular endothelial growth factor (VEGF) expression in primary colorectal cancer tissues. The data were reviewed retrospectively on 342 patients with colorectal cancer at stage II or III, who underwent potentially curative resection between 1988 and 1998. Of these, 225 received post-operative administration of oral fluoropyrimidines such as UFT and 5'-DFUR, while the other 117 patients underwent surgery alone. Immunostaining for VEGF was performed using colorectal tumours. Overall, VEGF was positively expressed in primary tumour cells in 48% of patients. The disease-free survival rate and the overall survival rate in the chemotherapy group were higher than those in the surgery-alone group, although not significantly. However, the disease-free survival rate and the overall survival rate were similar between the two groups in patients with a tumour positive for VEGF. Multivariate analysis revealed that the VEGF expression was an independent factor for post-operative recurrence, and the VEGF expression and post-operative adjuvant chemotherapy were an independent factor for overall survival, in addition to the lymph node metastasis and the venous invasion. In conclusion, the efficacy of post-operative adjuvant chemotherapy using oral fluoropyrimidines may not be as great for patients with a tumour positive for VEGF having a greater risk of post-operative recurrence. The results support further investigation on efficacy of molecular targeting therapy for VEGF in combination with oral fluoropyrimidines as post-operative adjuvant therapy in colorectal cancer positive for VEGF.
Introduction
Colorectal cancer remains one of the leading causes of death in the world. The mainstay for treatment of colorectal cancer with curative intent is surgical resection. In node-positive or stage III patients, surgery-alone offers curability to ~50% of patients treated (1) . Thus, addressing the high risk of recurrence involves the use of chemotherapy, immunotherapy, or molecular targeting therapy after surgical removal of the primary lesion.
Worldwide, infusion of 5-fluorouracil plus leucovorin (5-FU/LV) combination chemotherapy has been considered to be standard for stage III colon cancer for the past decade (2), whereas the current evidence does not support the use of adjuvant chemotherapy for all patients with stage II disease (3) . Recently, FOLFOX (added oxaliplatin to bolus plus infusion 5-FU/LV) was reportedly more effective than 5-FU/LV in stage II or III colon cancer (4) .
In Japan, since the 1980s, oral 5-FU derivatives (fluoropyrimidines) such as UFT (1:tegafur + 4:uracil) and 5'-deoxy-5-fluorouridine (5'-DFUR), an intermediate of capecitabine, have been used as post-operative adjuvant chemotherapy for colorectal cancer. A recent meta-analysis has reported that surgery combined with oral fluoropyrimidines was more effective in preventing recurrence in patients with colorectal cancer at stage II or III rather than surgery alone (5, 6) . Moreover, it has been shown that the post-operative adjuvant chemotherapy using capecitabine or UFT/oral LV is not inferior to bolus 5-FU/LV (Twelves C, et al, Proc ASCO, abs. 3521, 2005) (Wolmark N, et al, J Clin Oncol ASCO 22: 3508, 2004 ). In general, chemotherapy using oral fluoropyrimidines, when compared to that using intravenous 5-FU/LV, or its combination with irinotecan or oxaliplatin (7, 8) , has been characterized by a lower incidence of adverse effects, especially infrequent adverse effects of grade 3 or higher (9) . This is the reason that chemotherapy using oral fluoropyrimidines can be continued on an out-patient basis without detriment to the patients' quality of life (QOL). For patients, these are critical benefits of the therapy using oral fluoropyrimidines. It is therefore important to know which patients do not respond to oral fluoropyrimidines, in order to employ more intensive chemotherapy or some effective molecular targeting therapy, for improving the clinical efficacy of treatment and for improving the patient's QOL.
Vascular endothelial growth factor (VEGF), a diffusible glycoprotein produced by normal and neoplastic cells, has a crucial role in physiological and pathological angiogenesis (10) , and has been implicated in tumour growth and metastasis (11) . We have also previously reported VEGF expression in colorectal cancer as a factor of poor prognosis (12) . VEGF blockade, alone or in combination with chemotherapeutic agents, is being tested in a number of clinical trials (13, 14) , including the first successful phase III trial (15) . In the present study, we investigated the correlation between the efficacy of post-operative adjuvant chemotherapy using oral fluoropyrimidines and the VEGF immunoexpression in colorectal cancer tissues, and discuss the application of molecular targeting therapy for VEGF as post-operative adjuvant therapy.
Patients and methods
Patients and post-operative adjuvant chemotherapy. Among the 487 patients with a pathological stage II or III colorectal cancer according to the UICC classification of colorectal carcinomas who underwent potentially curative resection (R0) with lymphadenectomy including the mesenteric lymph nodes at Kurume University Hospital between 1988 and 1998, 342 patients were enrolled in this retrospective study. When the distal margin of clinical stage II or III rectal cancer is located below the peritoneal reflection, pre-operative adjuvant radiotherapy was indicated in our institute, and these patients were excluded from this study. The other exclusion criteria were age more than 80 years, pre-operative chemotherapy, any immunotherapy, any other radiotherapy and post-operative chemotherapy except oral fluoropyrimidines. Post-operative adjuvant chemotherapy using oral fluoropyrimidines such as UFT and 5'-DFUR was performed in 225 patients (chemotherapy group). The other 117 patients underwent surgery alone (surgery-alone group). UFT and 5'-DUUR was administered periodically for 1 year when recurrence did not occur. The chemotherapy started from 2 to 4 weeks after surgery. The oral dosages were 500 mg/m 2 /day 5'-DFUR, and 250 mg /m 2 /day UFT. The main reason for surgery alone was patient's choice after informed consent.
Follow-up. Follow-up investigations were performed through out-patient visits, by letter, and by telephone, and the most recent date of contact for each patient was regarded as the final date of confirmation. Adverse effects of chemotherapy were checked every month during the therapy. The most recent date was the last day of December 2004. The median follow-up period was 91 months. The presence or absence of any recurrence was determined according to our follow-up protocol consisting of a physical examination including digital examination every 2-3 months, measurement of serum tumour marker (carcinoembryonic antigen, CEA) level every 2-3 months, and/or by findings on barium enema or colonoscopy every 1-2 years, chest radiography every 6 months, and abdominal ultrasound (US), abdominal-computed tomography (CT) or abdominal magnetic resonance imaging (MRI) every 6 months up to 5 years, and according to a modified protocol case-by-case thereafter.
Immunohistochemistry. After an initial review of all available hematoxylin and eosin-stained (H&E) slides of the surgical specimens consisting of 342 primary tumours, 13 recurrent liver tumours and 6 recurrent lung tumours, we selected two paraffin blocks from each tumour, in which the invasive front edge and the viable tumour were clearly revealed. Serial 4-micron sections were recut from each block. One section from each block was stained by H&E again, a second was immunostained for VEGF. Immunostaining was performed using the avidin-biotin peroxidase complex method. Antihuman VEGF rabbit polyclonal IgG (R&D systems, Minneapolis, MN, USA) was used as the primary antibody. The primary antibody was detected using avidin-biotin peroxidase complex (Vector Laboratories, CA, USA) and 3, 3'-diaminobenzidine tetrahydrochloride as the chromogen. These sections were also counterstained with hematoxylin and mounted. For negative control, the sections were incubated with non-immune IgG in place of the primary antibody.
Statistical analysis. The background of the patients, the incidence and the mode of recurrence, and overall survival rate and disease-free survival rate analyzed by the Kaplan-Meier method, were compared between the chemotherapy group and the surgery-alone group. Multivariate analysis for the factors related to disease-free survival and overall survival was also carried out using Cox's proportional hazard model. All data were compiled and analyzed by statistical analysis software version 6.12 (SAS Institute, Cary, NC, USA). The differences in clinico-pathological characteristics between the two groups Table I . Background of the patients and the tumours. 
.00l; M, male; F, female; Stage, pathological stage according to the U1CC criteria; R, rectum; C, colon; TIO, tumour invasion to adjacent organs; Ly, lymphatic invasion; V, venous invasion.
were assessed for statistical significance using the Chi-square test, Fisher's exact test, and Student's t-test. Differences between the groups in Kaplan-Meier plots were evaluated using the log-rank test.
Results

Background of patients.
The background of patients and their tumours between the chemotherapy group and the surgeryalone group is summarized in Table I . The average age in the surgery-alone group was significantly higher than that in the chemotherapy group. However, there was no significant difference in sex, distribution of tumour stage, tumour location, N factor, incidence of tumour invasion to adjacent organs, lymphatic invasion, or venous invasion, between the two groups.
Immunoexpression of VEGF in primary colorectal cancer tissues. VEGF was expressed mainly in the cytoplasm of cancer cells (Fig. 1) , and in the cytoplasm of a few neutrophilic leucocytes, monocytes-macrophages, and fibroblast cells. A sample with positive staining for VEGF in >10% of all tumour cells was defined as positive (positive cell ratio was >50% in most cases whose tumour cells were stained for VEGF) (12) . Forty-eight percent of all primary colorectal tumours were positive for VEGF expression.
Correlation between the VEGF expression in primary tumour and recurrent tumour cells. Among 19 patients with recurrence to the liver or the lung which could be resected postoperatively, VEGF was positively expressed by the cancer cells in 12 primary and in 13 recurrent tumours. In 11 of 12 patients with primary tumours positive for VEGF, recurrent tumour cells also were positive for VEGF. There was a positive correlation (p=0.010) in VEGF expression between the primary and recurrent tumours (Table II) .
Multivariate analysis for disease-free survival rate and overall survival rate. Various factors such as post-operative adjuvant chemotherapy, tumour location (colon vs. rectum), histological tumour grade (well-differentiated adenocarcinoma vs. others), tumour invasion to adjacent organs (-vs. +), pathological tumour stage (II vs. III), N factor (N0-1 vs. N2), lymphatic invasion (ly-vs. ly+) (16), venous invasion (v-vs. v+) (17) , age, sex, and VEGF expression (-vs. +) were each evaluated for their independent contributions to the disease-free survival and the overall survival rate after operation using Cox's proportional hazards model. The positive VEGF expression was a significantly worse factor for recurrence, and the surgery-alone and the positive VEGF expression were a significantly worse factor for death, in addition to the stage III and the presence of venous invasion (Table III) .
Relationship between the VEGF expression and the clinicopathological factors. The relationships between the VEGF expression and the clinico-pathological factors are shown in Table IV . There was no significant correlation between the VEGF expression and the clinico-pathological factors including tumour location, lymph node metastasis and number of lymph node metastasis, tumour invasion to adjacent organs, lymphatic invasion, venous invasion, or histological grade of tumour. ONCOLOGY REPORTS 15: 1111 -1116 , 2006 Table II. Correlation of the VEGF expression between the primary and recurrent tumours. ----------------------------------------------- 
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p=0.010 (Chi-square value was 8.146). Table III . Multivariate analysis for the factors correlated to the disease-free survival and the overall survival rate. 
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.650 -------------------------------------------------
Disease-free survival and overall survival rate based on the VEGF expression. The disease-free survival rate in patients with a tumour positive for VEGF was significantly lower than that in patients negative for VEGF, and the overall survival rate in patients with a tumour positive for VEGF tended to be lower than that in patients negative for VEGF (Fig. 2) .
Disease-free survival and overall survival rate based on adjuvant chemotherapy. In both groups, the major mode of recurrence was hematogenous metastasis, and no difference in the pattern of recurrence was found between the two groups (data not shown). The disease-free survival and the overall survival rate in the chemotherapy group were higher than those in the surgery-alone group, although not significantly (Fig. 3) .
However, when the disease-free survival rates were stratified according to the prognostic factors demonstrated by the multivariate analysis such as the pathological stage (Fig. 4) , the venous invasion, and the VEGF expression, then no significant difference in the disease-free survival rate was found between the chemotherapy group and the surgery-alone group in a tumour with venous invasion (p=0.523) (Fig. 5) , or in a tumour positive for VEGF (p=0.235) (Fig. 6) , contrary to the significant difference in patients with a tumour negative for venous invasion (p=0.002) (Fig. 5 ) or for VEGF (p=0.013) (Fig. 6) .
Discussion
A recent meta-analysis has reported that post-operative oral fluoropyrimidines such as UFT and 5'-DFUR were more effective in patients with colorectal cancer at stage II or III than surgery alone (5, 6) . Moreover, it has been shown that the post-operative adjuvant chemotherapy using capecitabine Table IV . VEGF expression and clinico-pathological factors. 
-------------------------------------------------Factor VEGF expression (%) p-value (positive cases/ all cases) -------------------------------------------------
Lymphatic and venous invasion were graded according to the Shirouzu's criteria. Well, well differentiated adenocarcinoma. Figure 2 . The disease-free survival curves according to VEGF expression. The disease-free survival rate (p=0.026) and the overall survival rate (p=0.054) in patients with a tumour positive for VEGF were lower than those negative for VEGF. Figure 3 . The disease-free survival and the overall survival curves according to post-operative adjuvant chemotherapy. The disease-free survival rate (p=0.107) and the overall survival rate (p=0.053) in the chemo-therapy group tended to be higher than those in the surgery-alone group. or UFT/oral LV is not inferior to bolus 5-FU/LV. In our retrospective study, the comparison of disease-free survival rate and overall survival rate, and the multivariate analyses supported the efficacy of post-operative adjuvant chemotherapy using oral fluoropyrimidines.
However, in biologically aggressive tumours with venous invasion, the adjuvant chemotherapy could not reduce the risk of recurrence. Our results also indicated that disease-free survival benefit of post-operative adjuvant chemotherapy using oral fluoropyrimidines did not reach significance in tumours positive for VEGF, contrary to the significant efficacy in tumours negative for VEGF. The retrospective and small sample number generally may have obscured the possible benefit. However, our results show that further investigation concerning molecular targeting therapy for VEGF is worthwhile. VEGF plays a key role in the development and progression of human malignancies including colorectal cancer. In particular, VEGF participates in the early stages of tumourigenesis and tumour growth including metastatic tumours. Thus, VEGF is attractive as a target for cancer treatment (18) , and clinical application of the molecular targeting therapy alone or in combination with chemotherapeutic agents may be good adjuvant therapy after curative resection of the primary tumour in which VEGF activity is high and implicated in tumour progression and metastasis. Our multivariate analysis showed that VEGF expression was an independently significant factor for poor disease-free survival. The VEGF expression was suspected to be implicated in the development of post-operative recurrent tumours independently, indicating a target as post-operative adjuvant therapy. Moreover, the positive correlation of VEGF expression between the primary tumours and the recurrent liver or lung tumours indicated that VEGF was implicated in the development of post-operative recurrence even in a secondary organ. These results suggested that inhibition in the VEGF activity might prevent post-operative tumour growth and secondary spreading of micrometastases, in particular in tumours positive for VEGF.
With regard to the rationale for a combination of antiangiogenic drugs with chemotherapeutic agents, anti-angiogenic agents may improve the delivery of chemotherapeutic agents by altering the tumour vasculature and through decreasing the elevated interstitial pressure in tumours (19, 20) . Moreover, conventional cytotoxic chemotherapeutics affect the endothelium of the growing tumour vasculature, and there is evidence that the anti-proliferative or pro-apoptotic actions of chemotherapeutic agents such as paclitaxel, cisplatinum, and adriamycin on human endothelial cells in culture are suppressed by the presence of VEGF (21, 22) . A high local concentration of VEGF in the tumour microenvironment might therefore induce or promote multidrug resistance, by inducing a highly specific chemoprotective effect towards the VEGF receptor 2-positive endothelial cells of the tumour (21) (22) (23) . Chemotherapy itself might also induce or up-regulate the expression of VEGF and other endothelialcell pro-survival growth factors in tumour cells (24) . Therefore, the combination of a chemotherapeutic agent with a drug that blocks VEGF or its receptor might selectively amplify the pro-apoptotic effects of chemotherapeutic agents against activated endothelial cells (25) . A randomized placebo-controlled phase III clinical study with bevacizumab (anti-VEGF antibody) in combination with intravenous 5-FU/LV and irinotecan for advanced colorectal cancer demonstrated a statistically significant prolongation of survival, compared with only the chemotherapy regimen (15) . Micrometastasis would be also a good candidate for molecular targeting therapy to VEGF in combination with 5-FU-based chemotherapy as post-operative adjuvant therapy in colorectal cancer. One of the proposed benefits of targeting therapies is the reduction of toxicity and improved QOL. However, when these drugs are combined with maximum tolerable doses of chemotherapy these benefits may not be realized. Anti-angiogenic drugs might also improve the efficacy of a continuous low-dose chemotherapy regimen such as oral fluoropyrimidines, for which the side effects would be much more tolerable, and the two types of drug such as bevacizumab and oral fluoropyrimidines could be administered together over a long period in a post-operative adjuvant setting.
Although a targeting therapy for VEGF may theoretically be effective in a VEGF overexpressing tumour such as trastuzumab (Herceptin) for human epidermal growth factor receptor 2 (HER2/neu) in breast cancer (26) , it is not yet proven whether VEGF inhibitors are more effective in tumours positive for VEGF immunoexpression or its grade. Accordingly, any correlation between the VEGF expression ONCOLOGY REPORTS 15: 1111-1116, 2006 Figure 5 . The disease-free survival curves according to post-operative adjuvant chemotherapy-stratified to the presence of venous invasion. There was significant difference (p=0.002) in disease-free survival rate in tumours without venous invasion between the chemotherapy group and the surgeryalone group, but not in tumours with venous invasion (p=0.523). Figure 6 . The disease-free survival curves according to post-operative adjuvant chemotherapy-stratified to the VEGF immunoexpression. There was significant difference (p=0.013) in disease-free survival rate in tumours negative for VEGF between the chemotherapy group and the surgery-alone group, but not in tumours positive for VEGF (p=0.235). and the efficacy of targeting therapy for VEGF should be investigated to clarify predictive factors for targeting therapy in terms of more effective therapy.
In conclusion, the efficacy of post-operative adjuvant chemotherapy using oral fluoropyrimidines such as UFT and 5'-DFUR may not be a good option for patients with a tumour positive for VEGF having a greater risk of postoperative recurrence. Further investigation is recommend on the efficacy of targeting therapy for VEGF such as bevacizumab in combination with oral fluoropyrimidines as post-operative adjuvant therapy for colorectal cancer, in particular in tumours positive for VEGF.
